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RELATED APPLIC ATIONS 



This application is a division of co-pending prior U.S. patent application Serial No. 
09/380,545. filed on [September 3, 1999 [ December 22, 1999 , entitled "CARBON FIBERS 
FORMHD FROM SINGLE-WALL CARBON NANOTUBES," which is the 35 U.S.C. § 371 
national application of International Application Number PC T/US98/04513 filed on March 6, 
1998, which designated the United States, claiming priority to: provisional U.S. patent 
application Serial Number 60/067,325, filed on December 5, 1997; provisional U.S. patent 
application Serial Number 60/064,531, filed on November 5, 1997; provisional U.S. patent 
application Serial Number 60/063,675, filed on October 29, 1997; provisional U.S. patent 
application Serial Number 60/055,037, filed on August 8, 1997; provisional U.S. patent 
application Serial Number 60/047,854, filed on May 29, 1997; and provisional U.S. patent 
application Serial Number 60/040,152, filed on March 7, 1997. Each of the foregoing 
applications is commonly assigned to the assignee of the present invention and is hereby 
incorporated herein by reference in its entirety. 
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CONCLUSION 

Applicant believes that the application as a whole is in proper form and condition for 
allowance. If the Hxaminer believes that the application may be placed in even better condition 
for allowance, he /she is invited to contact the undersigned at the telephone number noted below. 
Alternatively, or in addition, if the Hxaminer believes that an Hxaminer interview would be 
beneficial, the Hxaminer is invited to note that the undersigned has ready access to the 
videoconferencing facilities of the South Central Intellectual Property Partnership at Rice 
University in Houston, Texas. The inventors and the undersigned would welcome the 
opportunity to use those facilities to clarify any issues deemed to remain unresolved. 
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Claims 



1 - The mam argument of the applicant is that what is established for MWNT is not necessarily 
valid for SWNT. This is certainly correct but would remain a purely theoretical argument if 
no further elements of comparison were given. The applicant states mat single wall 
nanotubes are fundamentally different from multi-wall nantubes. The single wall tubes are 
individual molecules, whereas the multiwail tubes are basically a cylindrical form of 
graphite. The single-wall tubes have remarkable mechanical, electr.caf and thermal 
characteristics because they are essentially perfect molecules. The muto-wali tubes are 
characterized by a much higher density of crystalline defects, wh.ch cnanges their ohysical 
properties in fundamental ways. 

2. The argument under 1 hereinbefore can be accepted. 

3. It is unclear whether D, relatee to MWNT or to SWNT. Nevertheless, the applicant must get 
the benefit of the doubt. Aa far as D a ia concerned, it can be reasonably accepted that it 
probably relatea to MWNT (see p 275 left column lines 3-4 and p 276 left column, est §), 

Therefore, the applicant's argumentation towards claims 1-17 is accepted and claims 1*17 
regarded as being novel and inventive over the available prior art documents. 

Claims aa.71 



(a) The arguments of the applicant are rejected since 



it is not correct to state that claima 83-86 are directed to "purified SWNT" (see 
psge 2 of the applicant's letter). They merely refer to "a composition of matter' 
whicn could for instance be in an ae-synthesized state. 

Neither does said claims indicate whether said "composition of matter" s -nacre- 



"lereiore, rne ongmai ooiection (4-8) is maintained: 
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(b) The term "composition of matter" is unclear Here, it is interpreteo as meaning "a carbona- 
ceous material'. wu a 

(c) The wording of claim 63 is extremely broad, so that it is felt that any bundle of SWNT 
anticpates claim 63. Such bundles are for instance to be seen on page 646 of 0, but also 
on page 767 of 0 4 (see comment on page 765 2nd paragraph). 

The same arguments are brought forward vis-a-vi$ of claims 84*66, 67-71. 
Therefore claims 63-71 are regarded as lacking an inventive step. 
Claims 79.fln 

• Claim 72 is unclear since It now states that n is from -0 to 30' but at tne same time requires 
that the tubular carbon molecules contains at least one of fl, R\ A*. R» r*. r* therefore 
necessitating n to be >0. 

it is suggested to limit n to velues 1 «30. 

The following comments are made supposing this suggestion Is followed 

According to the applicant. D, does not relate to SWNT (see page 7 fires 33-35 of D5) 
functionallzed in a variety of ways. 

Nevertheless, the SWNT of D 4 (see pages 758; 770, 2nd paragraph and Fig. 1 9. 1 0(c) on 
page 772) can readily be derivatlzed. i.e. functionallaed by following the teaching of D, (see 
'or instence D 5 's general statement on page 1 lines 1-14). 

D 4 also discloses filled nanotubes (see page 858). 

Since none of claims 72-80 contain sny quantitative information on the degree of 
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Claims iOR.tip 

Endohedrally-lcadec" tubular carbon molecules are Known for instance from " 
D 4 (see 3 d herein above). 

D 4 also discloses (see chapter 20) many possible applications. 

0, teaches that endohedrallydoped futterenes can be used as memory bit. 
(Compare with present application, page 51. lines 4-8). 

the endohedrally loaded nanotubes of D 4 can be for instance loaded with -compounos of 
3d, Yt, Mn", (see page 859, 2nd paragraph). 

Since the wording of claim 1 00 does not specify any kind of endohedral soeci* it is 
considered that It ia anticipated by D«. 

The same conclusion is valid for claim 108. 



D 4 does not explicitly recite or support C M or C* a possible endohedral species (as in 
present claim 107). but it ie considered to be within the reach of the skilled practitioner 
knowing D 4 and 0, to extend said teaching so as to obtain a SWNT with C M or ss 
endohedral species. 

Consequently claim 107 is regarded as lacking an inventive step. 
The same conclusion is made for claims 109-1 10. 
Claims 117.140 

D, discloses on page 1 2 lines 8- 1 7 carbon fibrils, ie nanotubes (see page 1 1 i»nes 7-30) 
which can be "incorporated in a matrix". - the. matrix preferably being an organic pdvme' 



-e r a r 



■atena 



According to the applicant, 0 S merely relates to MWNT. 
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. It has oeen noted that the applicant's argumentation relates to the fact that orocesses 
wh,ch are valid for MWNT are not necessarily effective for SWNT. Nevertheless this 
argument oarfnot be successful here because claim 1 17 does not recite any technical 
charactenstio of the composite material, so that what should have been demonstrated is 
that by using the technic of D, with SWNT, no composite alajj can be obtained. 

Nevertheless, the examiner opines that this is very unlikely to be the case, so that 

claim 1 1 7 is regarded as lacking in inysp.tjy- 

The same conclusion applies to claims 1 18-124, 1 31. 

Claims 125-130 and 132-140 are regarded aa lacking an inventive step since it cannot be 
seen what technical problem a man skilled In the art knowing D, would have had to solve 
inventively to come to the preferred embodiments of claims 125-1 30. 

Cl'ima 141-153 

An objection was raised on the base of D,. 

Nevertheless, the applicant considers that D, deals with multiwall nanctubes laden with 
crystal defects, which is not predictive of the behaviour of the SWNT in claims 141-152. 

The argument la here accepted. 

Therefore claims 141-152 are regarded as being novel and inventive over the available 
prior art. 

Claims 153-156 

As far as claims 153-156 are concerned, it appears that none of the available prior an 
literature suggest or discloses an antenna such as that claimed by present claim - 53 

-sorer,, eacnes ma> a rc v~wr eierc,..-c::c.- , sxosaw . 
cnotcvoitaic -esDonse (page 881). D t also gives on figure 20.2 (page SOj; a schematic 
oresentation of several proposed electronic device applications for carbon nantup Ai 
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Nevertheless, no-explicit mention that a current could be generated tnrough photo 
conductivity of such a tube is suggested or disclosed. 



Therefore, claims 153-156 are both novel ard inventive. 
Claims 1 57- iff 

Considering D« page 903 fig. 20.2 as well as page 904 and D 7 , 'or instance claims 36, ^1 , 
45, 50, 53-55 etc... it cannot be seen what technical problem the skiPed practitioner had to 
solve - in an inventive manner - to come to the embodiments of present claims 157-162 

Therefore these are considered as not being inventive. 

Q r 0UQ S; Claims ifl~3Q 

Claim 18 

It is not clear whether by "said molecules having substantially equal lengths' is meant that 
these molecules merely should have any length within the range 5-500 nm or whether an 
average length within said range Is meant. 

D, discloses on page 473 right column first two lines, SWNT having a length ranging from 
100 nm up to several microns. 

At lea^one cutting technique is known from D,. 

Process step c) merely refers to an isolation procedure which is not precisely disclosed. 

Therefore, the isolation - purification procedures known in the art (see D„ D„ D 4 ) are 

encompassed by said process step, which therefore cannot be regarded as being inven- 
tive. 

Therefore, claim 18 is felt to lack an inventive step. 



" -"ass 

D, describes a cutting method comprising injecting electrons into the narotubes at 'a 
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relatively high voltage" (page 2631 right column, paragraph before last). 



Therefore claims 19-23 are novel over the available prior an literature. 



Nevertheless it cannot be seen to what specific advantage, or to what unexpected effect, 
the use of hign mass ions instead of electrons leads to. Why would tie skilled practitioner 
knowing D, not be inclined to try cutting nanotubes with projecti'es other than electrons? 

Therefore it is considered that the use of a "high energy beam of high mass ions - is a 
technically equivalent mean for cutting nanotubes. 

Therefore, claims 19-23 lack an inventive step. 

Claims 24-25 relate to another cutting method, comprising sonicating with acoustic energy 
a suspension of SWNT in a medium. 

Since none of the documents cited in the search report mention or suggest that nanotubes 
could be cut by using sonicatlon (as described on page 26 lines 23 - page 27 line 19) 
present claims 24-25 are regarded as being novel and inventive. 

None of the available prior art documents suggest that SWNT can be cut oy refiuxing the 
same in concentrated H NO^ 

Therefore claims 26-30 are considered as being inventive. 

GfC UP C. Claims 31-62. 61-105. 111-116 

• D 5 appears to be the most relevant prior art document. 

None of the documents of the l.S.R. disclose or suggest methods for forming a macro- 
scopic molecular array of tubular carbon molecules 

"> ■ . C Iv^fft; 

■ 2 ^^Q^*Z 
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Moreover, the macroscopic molecuiar array of inaependent claim 81 as well as tne product 
of claim 91 are neither disclosed nor suggested by the available prior art literature 



Therefore, claims 81-105 are both novel and inventive; the same conclusion applies to 
claima 11M16. 
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W« C.laim : 

j A m<t hod for purtfyini imixtuie comprising sinfile-wah carton 
nancmbea and amorphous carbon contaminate, said method composing -he step, 

5 of: _ , 

(a) heating said mixture under oxidizing conditions sufficient to 

remove the said amorphous carbon aad 
(tO recovering a product comprising at least about 80V, by wight of 
single- wall carbon nanocubee. 
l0 2. The method of claim 1 whereto Mid oxidizing conditions comprise 

aa aqueous solution of an inorganic oxidant 

3 The method of claim 2 wherein said inorgtnic oxidant is selected 
from the group censirtng of nitric add, a mixture of sulfuric *«d and hydrogen 
p«roxida, potaeaium pemanganaia and mixtures thereof. 
l5 4. The method of claim 2 whereto said aqueous solution u heated to 

reflux. 

5. The method of claim 2 additionally comprising the step ol 
subjecting the oxidized product of step ft) to a saponification treatment. 

6. The method of claim 5 wherein said saponiflcauon treatment 
20 comptiaes contacting said product with a basic solution. 

7. The method of a claim 6 wherein said baaic solution comprises 

sodium hydroxide 

I The method of claim 6 additionally comprising use «cp of 

neutralizing the saponified product with an acid. 
25 9 The method of claim I wherein said acid is hydrochloric acid. 

,0. The method of claim 8 additionally comprising too step jf 

- mix' 'he laponifled leutralired proOuc- 
• -eiaoc -aim wnareir. r-oau;. 

s. ams ... , mi!B -ontjjuno of filtration, ser.ii.ig r. gtsv-.. 
metnod »eiectea from uic »roup -- aa - ,LLU * 

30 chemical flocculators. and liquid cycioning. 
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12 The method of ciaun 10 whereia aid »o| id product u d ?ip«- like 
rwo dimeruionei product 

13. The method of clout 1 7 additionally comprising the Rtp 0 f crying 
the product. 

U. The method of claim 1 3 wherein said product i« dned at .bout 
850' C in n hydrogen gas itmoipher*. 

15. The method of claim I wherein uid product corapri t « , : lcut 
about 90% by weight of single- wail carbon nnnoiube*. 

Id. The method of claim I whermin said product comprises at least 
•bout 95V. by weight of single-weil carbon nanotubes. 

17. The method of claim 1 wherain said product comprises at 'cut 
■bout 99% by weight of lingje-wall carbon nanotubes. 

II Amethod for producing tubular carbon molecules of about 5 to 50o 
nm in length, said method compelling the itepa of; 
M (i) P^Wiags ringlet ,^ nfl ^^ 

(b) cutting single-wall nanotubes in said jingle-waJi nanorube 
coataioing-matarial to bra a mixture of tubular carbon molecules 
having lengths in the raago of 5-500 nm; 

(c) isolating from md mixture of tabuJir carbon molecule* * fraction 
of aid molecule* having lubeUntitlly equal lengths. 

1 9. The method of claim 18 wherein said cutting single-waii nanotubes 
into tubular carbon molecules coropriiing the stepi of. 

(a) forming e substantially two-dimensional target containing single. 
n«otubes of lengths up to about one micron or more and 
25 (b) irradiating uid target whh a high energy beam of high raasi :or.s. 

20. The method of claim 1 9 wherein a high energy beim is produced 
in a cyclotron and has an energy of from about 0. 1 to about 10 GeV 
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22. Th« method of claim 21 wherein said high mass ton in selected frcm 
the group consisting of gold, bismuth and uranium. 

23. The method of cleim of 22 wherein the high mass ion ii Au'" 

j 24. The method of claim 1 1 wherein Mid cutting singie-well nanmube? 

into tubular carbon moleculei compriies the steps of: 

(a) forming a suspension of singls-wall nanetubes in a medium. 

(b) sonicating aaid suspension with acoustic energy 

25 The method of claim 24 wherein said acoustic energy is produced 
3 by a device operating at 40 KHz and having an output of 20 W. 

2<. The method of claim 1 8 wherein said cutting tingle- wail nanotubcs 
into Tubular carbon molecules comprises refluxing single wall carbon nanotube 
containing material in concentrated HNO,. 

27 The method of claim 1 9 further comprising the step of healing the 
5 tubular carbon molecules to rotm a hemispheric fullerene cap on at least one end 
[hereof 

• 21. The method of claim II further coinpriaing tha sup of reacting said 
tubular carbon molecules with i material which provides it the reaction conditions 
at least one subsutuent on at least one of said ends of said tubular carter, molecule. 
0 29. Tne method of claim 26 father comprising the st«p of reacting said 

tubular carton molecules with t material which provides at the rtacuor. conditions 
at least one subetitueflt on at least one of said ends of said tubular carbon molecule. 

30. The method of claim 28 or 29 wherein said subsutuent is selected 
from the group eonsietiag of each may be independently selected from the 8 rou P 
5 consisting of hydrogen; alkyl, acyl, aryl. aralkyl. halogen, substituted or 
uniubsriruted thiol; unsubstituted or substituted amino, hydroxy, and OR' wherein 
-> < .ejected frcm the gro« consisting jfbvdrogcn elkyi acV iV ri'kV 

^aoeunitco tuoetituea amine mnsnruiea z~ -ir.juosutuwc -v. - - •-• « 
uo i ,;r.ear or :ycac eartw chain optionally JttamwteO witfl o« 
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hetero.tom, and optionally substituted with one or molt -0. or -S. hydroxy, an 
aminoelkyl group, an amino acid, or a peptide of 2-8 amino Midi. 

31 A. method for forming a macroscopic moieeulu array of tubular 
carbon molcculea, $aid method comprising the atepe of: 

(t) prodding at least about 10* tubular urban molecules of 
substantially similar length in the range of 50 to 500 nm; 
introducing a linking moiety onto at lean one end of said tubular 
carbon molecules; ■ 

providing a subatrate coated with a material to whach said lixucinu 
moiety will attach; and 

contacting -aid tubular carbon molecule* containing a linking 
moiety with said substrate. 

The method of claim 3 1 wherein said substrate is selected from the 
group consisting of gold, mercury end indium-tin-oxide. 

33. The method of claim 32 wheteinseid linking moiety * selectee 
from the s-oup coniWng of -S-. -MCHO.-NH-, and -SiO^CH^NH.. 

34. A method for forming a macroscopic molecular array of tubular 
carbon molecules, said method comprising the steps of: 

(i) providing a nanoacals array of microwells on e substme, 
20 (b) dtpoaitiag a metal catalyst in each of saio micrcwell* and 

(c) directing a stream of hydrocarbon or CO feedstock gas ar said 
robstrete under condition! that effect growth of single- wall carton 
nanotubes from each mk rowel). 

35. The method of claim 34 further comprising the step of applying an 
25 electnc field in the vtcinity of said substrate to assist in the alignment of «ud 

nanotubes growing from said microwells. 

rc i -j.thod for 'erming i mscmscocic molecular arrtv of -ub-lar 

..-cc. -rcxc-.ei. taic -nctnoc comonsina tna steos 

providing surface containing ounfleo but emar.giea & - -- ■■^ 
33 eadlcis single-wall carbon nenotuoe material; 
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(b) subjecting said surface to oxidising conditions sufficient to ;ous« 
«hort lengths of broken nanotubes to protrude up from said iurface: 
end 

(c) applying en electric Held to said surface to cause said nanotubes 
5 protruding from said surface to align in an orientation C er,erally 

perpendicular to said surface and coalesce into sn array by van der 
Weals interaction forces. 
37. The method of claim 36 wherein said oxidiang conditions comprise 
heating said surface to about 300'C in an atmosphere of oxygen and CO,. 
10 11. A method of forming a macroscopic molecular array of tubular 

emboli ludawJo, said method comprUing fh* nf imaging wbnsnys «* U P 
tu 10 4 single-wall carbon naaotubei into a eompoaite array. 

39. The method of claim 31 wherein all the subways have the same 

type of nanotubee. 

15 40. The method of claim 38 wherein the suberrays have different types 

of nanotubes. 

41 . The method of claim 38 wherein the subarray* are made according 
u> the method of any of claima 3 1 , 3« or 36. 

42 A method for eontinuoujly growing macroscopic caroon fiber 
20 comprising at leejt ebout 10* single-wall nanotubes in generally pirailel 
ohentttion, said method comprieing the step* of: 

(a) providing" a macroscopic molecular way of at least about in* 
tubular carboo molecules in generally parallel orienranon and 
having subatantiaily similar lengths in the range of from about 50 

2j to about $00 nanometers; 

(b) removing the hemispheric fullerene cap horn the upper snfl$ of the 

...-Mat. *4T&CL ncoiwiK l 

wQUcong uiu jpp«; enos z+ '-nc '.uouaa* -ft.;" 1 
amy with at k*st one catuyric mem, 
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{A) supplying a gascoui source of carbon to the end of said sney *hti« 
applying localized energy io the end of said array to heat saic end 
to a temperature in the range of about 500" C to about 1 300° C. ana 

(e) continuously recovering the growing carbon tibor. 
5 43 The method of claim 42 wherein said fuilerene caps are removed by 

heating in an oxidative environment 

44. The method of claim *3 wherein said oxidative environment 
comprises aqueoue etching with nitric acid or gas phaae etching si temperatures of 
about 500*C in an atmosphori of oaygen and CO,. 
l0 45 The method of claim 42 wnetein said catalytic metal it selected 

from the group consisting of Oroup V1U transition metals, Group Vf aansiuon 
metals, metals of the ianthanidc scries, metals of the actinide series, and mixtures 
thereof. 

46. The method of claim 43 wherein said catalytic metal is selected 
15 fiom the group constating of Fe, Co. Ni, Ru, Rh, Pd, Oe. Ir and Pt 

47. The method of claim 46 wherein said catalytic metal is selected 
from the group consisting of Fe, Nl, and Co, and mixtures thereof. 

48. The method of claim 45 wherein said catalytic metal is seated 
from the group consisting of Cr. Mo, and W. 

20 49- The method of claim 42 wherein said catalytic metal is deposited 

in situ on each nanotube as a metal atom cluster. 

50. The method of claim 49 wherein said metal atom duster has from 
about 10 to about 200 metal stoma. 

51. The method of claim 42 wherein aid catalytic metal u deposited 

25 as preformed nananarticlee. 

52. The method of claim 51 wherein said ceulytic metal t Mo 

5? ~he method of claim 42 wherein said catalytic meta! ■< depcsned 
b ._rrr. - rsei*i nr«cuno: teiec^c rrerr. uie nv-i — 
sr.a uampiexe* ot j*;o mcuu. 
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54. The method of claim 42 wherein said catalytic tr.etsl J deposited 
by evaporating metal stoma end allowing them to condemn and «ai«ce on said 

open ntnotube endJ. 

55. The method of claim 54 wherein said evaporation is effected by 
5 healing a wire oc wires containing said catalytic metal. 

56. The method of claim 54 wherein said evaporation is :ffected by 

rr.wlccyisr bona evaporation. 

57. The method of claim 42 wharein gaieous source of carbon is 
selected from the group consisting of hydrocarbons and carbon monoxide. 

j 0 51. The method of claim 57 wherein said hydrocarbon is selected from 

the group consisting of elkyls, aeyls, aryls and aralkyl having I to 7 carbon atoms. 

59. The method of claim 5g wherein said hydrocarbon is methane, 
ethane, ethylene, acetylene, icetone, propane, propylene and mixtures thereof. 

60. The method of claim 42 wherein said localized energy u provided 

15 by a laser beam. 

61. The method of claim 42 wherein said localized energy is provided 
by i *curce selected from the group consisting of a microwave generator, ar R-r 
coil and a solar concentrator. 

62. The method of claim 42 wherein said end if heated to s temperature 

20 In the range of about 900'C to about II OO'C. 

63. A composition of miller comprising at kail about 80% by weight 

of single* wall carbon nanotubes. 

64. The composition of claim 63 comprising at least abou: 90% by 

weight of single-wall carbon nanotubee. 

25 65. The composition of claim 63 comprising at least about 95V. by 

weight of single- wall carbon nanotubes. 

<S« corposition of clnim 63 comprising st least ^out 99*i bv 

z arv, .;: 5Lngic-w4ii ciroon moifrCUiCS 

a A, feu compniing m icm* aoout 30% *ei$n; s.r.g 

30 carbon nano tuber 
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61. The felt of clwm 67 comprising at l«K about 90V, by weight of 

sir^le-wall nanotubei. 

69. The felt of eliim 67 comprising at lift about 95V. by wwght of 

single-wall nanotubee. 
5 70. The felt of claim 67 comprising at leut about 99% >y weight of 

jingle-wall nenotubei. 

7\ The felt of ciaiat 67 is the form of a paper-"** material. 
72. A tubular carbon molecule having the following structure: 



10 




13 




when 



20 



ii a subitanaaliy defact-frac 
cylindrical jraphenc sheet 
(optionally doped with noncarbon 
ttoatf) having from about 10 ! to 1 0* 
carbon itomt; 




is i hamiaphar.c fullerene cap 
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R, R k , R 3 , R\ R'. and R l each may be independently selected from 

the group consisting of hydrogen; alLyi. 
acyl aryL aralkyi, halogen; instituted or 
unsubstiiincd thiol; unsubiii:uted or 

5 substituted amino; hydroxy, and OR 4 

wherein R' is selected from the group 
consisting of hydrogen, alkyl, acyi. uryi 
aralkyl, unsubsiituied or substituted amino, 
substituted or unsubsatuted thiol; and 

IQ halogen; and a linear or cyclic carbon chain 

optionally interrupted with one or more 
hetcroenxn. and optionally substituted with 
one or more -0. or =S. hydroxy, an 
arninoalkyl group, an amino acid, or a 

1 j peptide of 2-1 amino acids, 

wherin the tubular carbon molecule contains 
at least one ofR.R\ R'.R\R\orR J 
73. The molecule of claim 72 whewn said graphene sheet has a 
configuration that corresponds to a fan) angli-wall carbon aanotubt 

2C 74. The molecule of claim 72 wherein said mclecUe has t length rrom 

about 5 to about 1000 nm. 

75. The molecule of claim 74 wherein said molecule has a length of 

from about 5 to about 500 nm 

76. The molecule of claim 72 wherein n is 0 to 1 2. 

25 77. The molecule of claim 72 ftmher comprising at least onr endohedral 

species. 

« ttic - ~rr -ne irouo censuung ^et* atcms. rui.crene mo;sc-::* •*:?• 
mo.ecLues ana mixture increo;. 
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79 The molecule of claim 71 comprising a (10.1 0) ainglcwail nanoiube 
confining tt list om endoh»di»l species selected from the group consisting otC*. 

Cm, or mixtures thereof. 

80. The molecule of claim 79 wherein eeid C„ or C, additionally 
5 confine an endohedral subatituent selected from the group consisting of metal 

items end metal compound*. 

II, A macroscopic molecular array compniing et leaat about 1 0* single- 
wall carbon naaowbes ia generally parallel orientation and having substantially 
similar lengths in the range of from about S to about 500 nanometers. 
l0 |2. The array of claim 11 wherein said nanotubes are of the same type. 

13. The array of claim 82 wherein said nanotubes are of the (n.n) type 

84. The array of elaim 83 wherein said nanotubes are of the ( 10. 10) 

type. 

85. The array of claim 83 wherein said nanotubes are of the (m,n) type 
15 86. The amy of claim 8 1 wherein laid nanotubes art of different type*. 

87. The array of claim 8 1 further comprising a substrate anached to one 
end of said army and oriented substantially perpendicularly to the nanotubes in said 
array. 

88. The array of claim 8? wherein said substrate is a bucky psper 
20 surface. 

89. The array of claim 87 whereia said substrate is a metal layer 
selected from the group consisting of gold, mercury and indium-un-oxlde. 

90. The array of ciaim 86 whettin a central portion of nanctubes are of 
the (n,n) type and an outer portion of nanotubea are of the (m.n) type. 

25 91. A macroscopic carbon fiber comprieing at lea* about 1 C >in 6 le- 

wall oarbon nanotubes in generally parallel orientation. 

92 Th* fiber of elaim 91 comprising at lost ebout 10* lingle-wUI 

* ccmpciiu UDer compniing a piurt*uy a* me .;rc:» 
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94. A molecular template array for growing continuous length carbon 
fiber compnsiug a «•«»•* of the fiber of claim 9 1 . 

' 95 . Be fiber of claim 9 1 hiving a length of at least ! millimeter. 
96. The fiber of claim 91 wherein a substantial portion of said 

5 nenotubea are of the (o,n) type. 

97 The fiber of claim 91 therein all of said nanoiubes arc not of the 

same type. 

98 A composite article of manufacture comprising a matrix material 
selected from the group consisting of metals, polymen, ceramics and carmeu. said 

10 matrix having embedded mtt lees a portion thereof a property .nhan^ng amount 

of the carbon fibers of claim 91. 

99 The composite article of claim 9« wherein said property is 
structure!, mechanical electrical, chemical optical, or biological 

100. A high voltage power wnimission cable wherein « least one 
1 5 eondueter comprises a continuous carbon fiber according to claim 96 

101. The power roamiasion cable of claim 100 wherein both a central 
conductor and a coaxlally dispoeed outer conductor are formed from i«id carbon 
fiber and an 'insulating layer is dieposed therebetween. 

102. Trie power transmission oable of claim 10! wherein said insulating 

20 layer la an air space. 

103. Tbe power transmission cable of claim 101 wherein said inaulaimg 
layer comprisee a material selected from the group consisting of insuring carbon 
fiber made from carbon nanombea of the (rruO type and Insulating 3N fiber made 
from hexabcrenitride nanotubas or mixtures thereof. 

25 104 A solsr cell for converting broad spectrum light energy into 

eiectrical current comprising a molecular amy according to claim 8 1 at the photon 

:se wupied to the upper enoi of the runotuoea in sajfl array 
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" 106. A biltible. nonvolatile memory bit comprising th« endchedrallv. 
loaded tubular caroon molecule of claim 77. 

107, The memory bit of chum 106 where* the tubular carbon molecule 
is formed from a (1 0.1 0) type nanotube and the andehedral ipccie* is a C* * C w 

5 fulierene molecule. 

1 01. A bistable, nonvolatile memory device compnsmg the memory bit 
of claim 106, menu for writing to said bit and means for raedrng laid bit 

109. The memory device of olaim 101 wherein said menus for writing 
compile, a nanocircuit element adapted to direct a voltige pulse of poiitive or 

10 nefadve polarity at laid bit to oauee uid endohedral species to move from a tint 
end to a second end of said bit 

110. The memory device of claim 1 08 wherein laid means for reading 

said bit comprises 

(») a flnt naaociieuit element adapted to be biased at a first voltage 
15 (V and spaced fiora i read cod of said bit to form a first gap therebetween, ar>d 
(b) a escood najjocarcuit element adapted to be biased to ground voltage 
(Vj and spaced from said read end of said bit to form a second gap, whereby the 
presence of said endohedral species Is unambiguously determined by the presence 
of current tunneling aeroia said first and second gape. 
20 111. A microporoui anode for an electrochemical cell comprising e 

molnoilar amy according to claim II. 

112. A Rthium ion secondary bartery comprising the anode of claim 111. 
a cathode comprising LiCoOj and ao ep~uc organic electrolyte wherein a fulierene 
urtercaUung compound (FIC) of lithium forms st the anode under charging 

25 conditions. 

113. An appamtus for forming a continuous macroscopic amon titer 
from a macroscopic molecular template array compri«ng at least abou« 1 0* sinfrs- 

-rmoo*. sa:s a3oara:u .cmcruir.g 
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(4) means for locally heating oniy said open ctidi of said nanotubt-s in 
itid template amy in a growth and annealing zone to a '.emperature 
ia the range of about 500*C lo about 1300°C; 

(b) mean* for fupplying a carbon-containing feedstock jaa to the 
5 growth and annealing zone immediately adjacent uud h«ai*d opwn 

end* of itid nanotubei in aaid template irray; and 

(c) meana tor continuously removing growing carbon ft bar from said 
growth and annealing zone while maintaining the growing open end 
of said fiber in said growth and annealing ;one. 

10 1 14. The apparatus of claim 1 1 3 wherein said means for locally bating 

comprises a laser. 

115. The apparatus of claim 113 enclosed in a growth chamber 
maintained at a vacuum by evacuation means. 

116. The apparatus of claim 1 1 5 further comprising a vacuum feed lock 
1 5 zone through which said continuously produced carbon ft bar is passed and a take* 

up roll at atmoepheric pressure. 

1 17. A composite material comprising: 

(a) a matrix; and 

(b) a plurality of single- wall carbon nanotubes embedded within said 

20 matrix. 

ill. The composite material of claim 117, wherein said tutrix 
comprises a polymer. 

119, The composite material of claim 118. wherein said polymer 

comprises a thermosetting polymer. 
25 120 The composite material of claim 119, wherein said theimosermg 

polymer is selected from the group coosisfcng of phthalic/meelic type poly t stars, 

- - , -e-v- - -fttfl* «~ * ~ * 4 

t !;e composite materia* o: . ■« r'- 

30 compnses a ihermoplaiuc polymer 
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122. Thi composite materia) of claim 1 21 , wherein sa.d thermoplastic 
polymer ts -locfd from the group consisting of polysulfonc polyam.des. 
polycarbonates, polypbenylcoe oxides, polysulfld.., poly.hr ether ketone, 
poiyether tul/oiw. polyamide-tmides, polyethenmidas, polylmld*. pel yery 

5 «nd l>qwd crystalline polyesters. 

123. Thi composite material of claim U7. wherem i*»d ««nx 

comprises a metal. 

12 4. Th» composite materiel of claim 117, wherein said mains 

comprises » ceramic. 

10 123. Tha composite material of claim 117. wherein said matrix 

comprise! t cermet. 

126. The composite mitenai of claim 1 17, where* said csibcr, nanotube 
material comprises tubular carbon nanotube molecule*. 

127. The composite material of claim 1 17. wherein said carbon nanotube 
1 5 material compute* ropee of up to about 10 3 S WNT*. 

121. The compoeite material of claim 117, wh-rtn serf enrbon nmctLb* 
material comprises fibers of greater than 10» SWNTi. 

129. The composite material of claim 126, 127. or 128, further 
comprising an additional fibrous material. 
20 130. The composite materiel of cleim 126, 127. or 128, wherein said 

carbon oanotube material is modified to interact with said mstnx material. 

131. A method for producing a composite material containing carbon 
nanotube material comprising: 

(a) preparifig a matrix material precursor, 
25 (b) combining single-wail carbon nanotubes with said mamx material 

precursor, and 

(c) forming said compoiite material. 

- -..metneas'r'aim'V -herf- «iH -ar*o- -« " ' 

:r.~r.cc ixs natr.x -neterui rrecuncr seiorr »*• • >••■ "~- • 
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133. The method of claim 131, therein laid corbon nanotube malarial 
is combined with said matrix material precursor during said step of fomung. 

1 34. The method of cleim 131, whereio said carbon nanotube matcna! 
i, combined with said matnx materlii precursor immediately after uid step of 

5 forming. 

135. The method of claim 131. wherein said mamx matewd precursor 
i« teased to flow arouad a preformed arrangement of said carbon "notuh* 
material. 

1 3«. A method of producing a composite material containing vamon 

1 0 nanotube material comprising: 

(a) preparirg an assembly of a fibrous material; 

(b) adding single-wall carbon nanotubee to said fibrous maternal: and 

(c) adding a matiix material precursor to said carbon nanotubci and 
said fibrous malarial. 

15 137. The method of claim 136, wherein said fibrous materials are 

arranged in a two>dimeniional sheet, and some portion of said carbon nanotubes 
are oriented in a direction other man parallel to sud sheet 

1 3». The method of claim 1 3 1 or 1 36 wherein said sarbon nanotubes 
comprise tubular carbon nanotube molecules. 
20 1 39. The method of claim 131 or 136. wherein said earbon nanotubes 

comprise ropoa of up to about 10 5 SWNTt 

140. The method of claim 1 3 1 or 1 36, wherein said carbon aanetubes 

comprise fiberi of greater than 10* SWNTs. 

142. A three-dimensional structure that self*assembles from dcrvaiized 

25 ungle-wsll carbon nanetube moieeulee comprising: 

a plurality of multifunctional siagle-weil carbon nanotubes assembled into 

■i" 1 ,l, r;e-dinenilonal structure 

t trjee-airrwiaiona, sructure z: : tir ' «• 
*au carbon nanotuoes nave T.ultifuncoonai derivatives on tnar cna ctp, 
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143. The three-dimensional structure of claim 141, whersin Mid *in«lc- 
walJ carbon nenombea have multifunctional derivetivee at multiple locations oo 
said single-well eerbon nanotubas. 

144. the thru-dimensional structure of clean 141. whertm said single- 
5 wall carbon nanotubes ere assembled u a reeult of veo der Weils attractions. 

145. A three-dimensional structure of claim 141. v,rwcr> bis 
eiectfeToagrieus properties. 

146. The three-dimensional structure of claim US, wherein said 
electromagnetic properties are determined by a functionally-specific igem. 

\q l4 7, a thrcc-dirocnsional structure of claim 141, which u symmetrical. 

14g. A thm-dimensional structura of claim 141, which is not 
symmetrical. 

149. A thm-dimensional structure of claim 141, which has biological 
properties. 

15 1 30. A three-dimensional structure of claim 149, which operates ts a 

catalyst for biochemical reactions. 

151. A three-dimensiooil structure of claim 149, which interacts with 

living tissue. 

152. A three •dimensional structure of claim 149, which serves as on 
20 agent for interaction with functions of a biological system. 

153. A light harvesting antenna comprising: 

at lust one single-wail carbon nanotube oooductive element, «id at least 
one nanotube having a length selected relative to a duired current level and a 
desired voltage level. 

25 154. The light harvesting antenna of elaia 153, wherein said st least one 

iingle-will carbon nanotube forms a Schottky barter. 

«« i. tr>%* af'ight hantiung entennas of 'Arm ,<1 

c omv ~, .igni narvwur.a tnt»na*i u: -~ 
irr»v i* ferried by teif-assenioiy 
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\ 57. A molecular electronic component compriaing at least one single- 

will carbon nanotube, 

151. The molecular electronic component of claun 1 57, wherein »aid 
molecular electronic component ia a bridge circuit for providing full wave 
5 rectification, *aid bridge circuit compriaing: 

four lingie-wall carbon nanotubei, each of jjuc four stagle-*all 
cerben nanotubei forming one edge ef a square and linked to two of four 
buckyballa. each of said four buckyballi located at a comer of i»d squ«re. 

1 59. The bridge circuit of claim 1 58, wherein said buckyballa and imgle- 
10 well carbon nanotubei are derivitized to include tunctionally ipeciflc linking 
agenta, 

160 A molecular electronic component of claim 137, which is a 
ftillerene diode. 

1 61 A naootcale manipulator compriaing at lee* one jingle- wail carbon 
15 nanotube. 

162. The nanoicale manipulator of claun 161, which is nenoforccpts. 
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